We characterized 38 Helicobacter isolates, including 22 from gastric biopsy samples obtained from 14 rhesus monkeys and single isolates from 16 monkeys in a different colony. Biochemical profiles of these isolates were nearly identical to that of Helicobacterpylori ATCC 43504. Restriction fragment length polymorphism (RFLP) analysis indicated that each infected monkey harbored one to four strains. The 17 RFLP types found among these 22 isolates differed from all seven RFLPs found among the other 16 isolates. Thus, monkeys within a given colony are more likely to be infected by Helicobacter isolates with the same or a similar RFLP than are monkeys from different colonies. A 16S rRNA gene was amplified by PCR and cloned from the Helicobacter isolate from rhesus monkey 85D08. Ribotyping with this probe demonstrated less diversity among isolates from rhesus monkeys than was reported among isolates of H. pylori from humans, as did RFLP analysis of a PCR fragment of the ureA-ureB gene cluster. The DNA sequence of the cloned 16S rRNA gene was determined and compared with sequences reported for H. pylori and other Helicobacter species. Our analysis of 127 nucleotides (corresponding with residues 1240 to 1366 of the Escherichia coli 16S rRNA gene) indicated that the Helicobacter isolate from monkey 85D08 was 99.2 to 100% homologous to isolates of H. pylori from humans but only 83.5 to 96.9% homologous with other Helicobacter species in this region of the 16S rRNA gene. These data provide strong support for the presumptive identification of these isolates as H. pylori.
Helicobacterpylori is a gram-negative spiral bacterium found in the gastric mucosa of the vast majority of patients with gastritis and peptic ulcer disease, but it is also found in a large number of asymptomatic individuals (1) . In addition, there is a greater frequency of chronic gastric colonization by H. pyloni in patients with gastric adenocarcinoma than in matched controls (24) . Putative virulence factors of H. pyloni include production of urease, catalase, and cytotoxin(s), as well as motility and the ability to adhere to gastric mucosa, but the pathogenic mechanisms of H. pyloni infection are not yet well defined (1, 6) .
Natural infections with Helicobacter spp. have been found in a variety of animals including nonhuman primates (2, 9, 15) . Several animal species have been tested as experimental models for H. pylon infection, but no system mimicking H. pyloni pathogenesis in humans has yet been completely successful (7, 9, 11) .
Natural infection of rhesus monkeys by bacteria that resemble H. pylori is associated with chronic gastritis similar to that seen in humans infected by H. pylori (4, 5) . These bacteria are antigenically, immunologically, and morphologically indistinguishable from human strains of H. pylon (5, 15) . Furthermore, Ho et al. (10) demonstrated complete nucleotide sequence homology, over a 275-nucleotide segment of 16S rRNA genes isolated by amplification using PCR, between two isolates from rhesus monkeys and a clinical H. pylori strain. Therefore, the rhesus monkey is a potentially useful model for H. pylon infection in humans. However, the molecular epizootiology in monkeys is unknown. Restriction fragment length polymor-phism (RFLP) analysis and ribotyping have been used to examine the molecular epidemiology of H. pyloni infection in humans. In the present study, we cultured and characterized spiral bacteria from gastric biopsy samples of rhesus monkeys housed in one colony. Some of the monkeys were also used in a previously reported study (4) . We extended the study to include Helicobacter isolates from rhesus monkeys in another colony. We examined the relationship among these isolates, H. pyloni obtained from humans, and other Helicobacter species.
MATERIALS AND METHODS
Microbiology. All experiments were conducted in compliance with the Guide for the Care and Use ofLaboratoryAnimals (28) . Videogastroscopies were performed to harvest gastric mucosal biopsy samples from the corpora and antra of monkeys housed in colony A (5) . Two biopsy samples from each region were placed in 100 p.1 of 0.9% saline and kept on ice until processed. Biopsy samples were ground with a sterile glass pestle, and 30 pL. was inoculated onto Campy agar (Remel, Lenexa, Kans.) and incubated in 7.5% 02-7.5% C02-85% N2 at 370C for 5 to 7 days. Several isolated colonies (0.5 mm in diameter, colorless, and convex) resembling H. pylon were examined for urease activity (27) 
RESULTS
Characterization of Helicobacter isolates. Of the 23 rhesus monkeys from colony A, examined by endoscopy and culture of gastric biopsy samples, 14 (60.9%) were infected with gram-negative, curved, rod-shaped bacteria that expressed oxidase, catalase, and strong urease activities. Positive cultures correlated on a one-to-one basis with histopathological evidence of gastritis in hematoxylin and eosin-stained biopsy sections. Five independent H. pyloni-like colonies were selected from each primary culture on Campy agar. The variation in the number of isolates presumptively identified as H. pylon, 1 to 11 per monkey, reflected the fact that biopsies were obtained (i) from either the corpus or the antrum or both sites and (ii) from multiple endoscopies for some of the animals. RFLP analysis of HaeIII digests of chromosomal DNA from these isolates, which provides high-resolution differentiation, indicated that each infected monkey carried one to four different strains.
Phenotypic profiles of Helicobacter isolates were determined by using An-IDENT strips plus tests cate that the region of the 16S rRNA gene corresponding with nucleotides 1240 to 1366 in the E. coli cognate gene is useful for distinguishing species within the genus Helicobacter and demonstrate that the strain from rhesus monkey 85D08 is very closely related to H. pyloni from humans.
RFLP testing and ribotyping. Seventeen RFLP patterns, four of which were found in pairs of animals, were observed with electrophoresed HaeIII-digested DNA from Helicobacter isolates recovered from monkeys in colony A (Fig. 2) . Pulsedfield gel electrophoresis detected a 26-kb plasmid (data not shown) in isolates that showed multiple intense DNA bands by RFLP testing with the identical sum total size. Four ribotypes were identified among the 17 different RFLP patterns (Fig. 3) . Thirteen isolates had the most common ribotype, seven had an additional 2.1-kb band, and two had unique ribotypes.
Helicobacter isolates from colony B monkeys demonstrated seven RFLP patterns (data not shown), none of which was seen in the first set of strains, and three ribotypes (data not shown). Although the most frequent ribotype (Fig. 3, lane 1 (21, 26) . Rauws et al. (18) showed that eight family members were infected with a common strain of H. pylori, but other researchers reported that family members were infected with different strains (12, 21 
